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Measurements are sensitive to:

• All CMIP3 and most CMIP5 GCMs do 

not consider falling ice radiative 

effects.

• Few GCMs in CMIP5 such as NASA-

GISS model, NCAR-CAM5, GFDL-

AM3 and CSIRO etc include falling 

ice radiative effects



Bias of CMIP3, CMIP5 and CMIP6 (four) Ensemble Mean CIWP 

vs  Obs. Total CloudSat+CALIPSO  ice water path (IWP)
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Precipitating Ice Radiative Effects in Cumulus Scheme in GCMs
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Snow-Radiation effects ON (S) Snow-Radiation effects OFF (NoS)

More RSDS 

Model Hydrometeors and Radiation

GRAUPEL

More RLUT

Snow and Radiation

Less RSUT

LIQUID

RSUT RLUT

GRAUPEL

LIQUID

ICE ICEICE

SNOW

ICE

LIQUID LIQUID

RSDS

• NCAR CESM1-CAM5: Exclusion of radiative diagnostic snow 

- CESM1-CAM5-POP2: CMIP5 Historical Configuration (140 Years)

NoS = snow-radiation interaction OFF

S      = snow-radiation ON

NCAR CESM1-CAM5 Snow-Radiation Effects Sensitivity Tests
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The IMPACTS of Exclusion of Snow-Radiative Effects

Zonal Surface Wind Stress Meridional Surface Wind Stress

Model Ocean Surface Wind Vector Changes 

Weaker surface wind stress and trade-winds
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(a) Surface Wind Stress 500*(NoS – S) ANN

(c) Surface Wind Stress 500*(NoS – S) DJF

(e) Surface Wind Stress 500*(NoS – S) JJA

(b) SST Changes NoS – S ANN

(d) SST Changes NoS – S DJF

(f) SST Changes NoS – S JJA
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(a) Surface Wind Stress 500*(NoS – S) ANN
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Seasonal SST (140 W – 100 W, 20 S – 5 S)



Bias of CMIP5 Ensemble Mean Radiation

(b) CMIP5 IWP minus Obs.

(d)Outgoing Longwave at TOA(c)Downward Shortwave at SFC

(a) Reflected Shortwave at TOA



CMIP6 Surface Wind Stress BIAS

The CMIP6 bias of annual mean maps of: (a) east-west surface wind

stress magnitudes against QUIKSCAT; (b) same as in (a) but for

north-south surface wind magnitudes (Wind; m s1); (c) same as in (a)

but for the surface wind stress vectors from the 20th century (1970–

2005) simulations from the CMIP6 historical run.

(a) (b) (c)

CMIP6 Taux Bias vs QUIKScat CMIP6 Tau Vector BiasCMIP6 Tauy Bias vs QUIKScat
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(b) CMIP3 Bias Surface Wind Stress vs QuikSCAT 
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Surface Wind Stress vs ERSST 



CESM1 Seasonal SST Bias
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(c) Snow-Radiation On

(a) Observation: ERSST

(e) Snow-Radiation Off

(d) Snow-Radiation On

(b) Observation: ERSST

(f) Snow-Radiation Off









Summary and Conclusion

• Current GCMs exclude snow-radiative effects

• Excluding snow-radiative effects leads to weakening surface 
wind stress and warming SSTs in seasonal variation and CP-El 
Nino

• Including snow-radiative effects largely reduces the model 
biases of CP-El Nino events

• Inclusion of the contribution of the snow and its radiative 
effects in models is important to improve the simulation of 
the Pacific mean state, seasonal cycle, and CP-El Niño


